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COMMUNICATION DEVICE AND WORKING
VEHICLE PROVIDED WITH THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to International Applica-
tion No. PCT/JP2013/075327 filed on Sep. 19, 2013, the
contents of which are incorporated herein by reference in
their entirety. The application also relates to International
Application No. PCT/JP2013/075317 filed Sep. 19, 2013.

TECHNICAL FIELD

The present invention relates to a communication device
such as a non-contact type reader, a writer or a reader writer,
and a working vehicle (e.g., a construction machine) provided
with the communication device.

BACKGROUND ART

A fuel filter and an oil filter mounted in a construction
machine are consumable supplies (also referred to as a
replacement component or a refill component) which are
replaced every predetermined operating hours.

In order to detect replacement of a filter set in an engine
room and a pump room of the construction machine, an IC
(Integrated Circuit) tag is attached to the filter. The replace-
ment of the filter is detectable by reading information (here-
inafter, referred to as identification information) stored in the
ICtag with use of areader writer. When the reader writer is set
in the engine room and the pump room, the reader writer can
even constantly read the identification information. The
reader writer transmits radio waves to the IC tag. The IC tag
receiving the radio waves is activated to transmit the identi-
fication information stored therein toward the reader writer
through the radio waves. Further, a component management
system, in which the identification information is transmitted
via wireless communication to a remote area using a wireless
communication device and the like installed in the construc-
tion machine, has been proposed. Such a reader writer is
required to have reliability of stable operation without break-
down or the like.

Patent Literature 1 discloses a replacement-component
identifying device of a construction machine, which can eas-
ily identifying a genuine component and an imitation com-
ponent among replacement components for use in the con-
struction machine, and issue a warning or a command to stop
the operation of the construction machine when the imitation
component is identified.

CITATION LIST
Patent Literature
Patent Literature 1 JP-A-2005-273196
SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
A construction machine is used in various operational envi-
ronments (severely hot or cold operational areas). Moreover,
during operations of the construction machine, temperatures
in an engine room and the like where a reader writer is set

become high. Accordingly, an unstable output of radio waves
due to the significant fluctuation of an environmental tem-
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2

perature to which the reader writer is subjected should be
avoided. The unstable output of the radio waves may disturb
stable reading and writing of identification information from/
to an IC tag.

An object of the invention is to provide a communication
device capable of preventing breakage and an unstable opera-
tion of an element and an unstable output of radio waves, and
a working vehicle provided with the communication device.

Means for Solving the Problems

According to an aspect of the invention, a communication
device that executes at least one of reading identification
information stored in an identification component and writing
the identification information to the identification component
includes: a wireless control circuit that outputs radio waves; a
temperature detector that detects a temperature of an environ-
ment in which an element forming the wireless control circuit
is used; a temperature judging unit that judges whether or not
the environment in which the element is used falls within a
usable temperature range of the element, based on the tem-
perature detected by the temperature detector; and a wireless
power supply controller that suppresses a supply of power to
the wireless control circuit when the temperature judging unit
judges that the element is not in the environment within the
usable temperature range.

Herein, “suppressing” means both to interrupt the supply
of the power and to reduce the magnitude of the power.

According to the above aspect of the invention, since the
supply of the power is suppressed when the element of the
wireless control circuit is used outside the usable temperature
range, the operation of the element can be stopped or the
supply of the power to the element can be stopped, thereby
preventing an unstable output of the radio waves.

Inthe communication device according to the above aspect
of the invention, the temperature judging unit preferably
judges whether or not the element is in the environment
within the usable temperature range, based on whether or not
the temperature detected by the temperature detector falls
within a control limit value including a lower limit value and
an upper limit value.

With this arrangement, a stable operation at both low and
high temperatures can be ensured.

Inthe communication device according to the above aspect
of'the invention, the temperature detector preferably includes
a plurality of temperature sensors.

With this arrangement, it can be judged whether or not the
element is in a proper usable temperature, based on whether
or not a difference in detection temperatures acquired by the
temperature sensors falls within a predetermined temperature
range. With this arrangement, even when one of the tempera-
ture sensors does not work due to breakage or the like, it is
possible to judge based on the detection temperature by the
other temperature sensor. As compared with an arrangement
in which a single temperature sensor is used, a higher reli-
ability of the judgment by the temperature judging unit can be
ensured.

In the above aspect of the invention, the communication
device may further include: a communication controller that
is connected to the wireless control circuit via a transmission
line and controls communication of the identification infor-
mation with the wireless control circuit, in which the com-
munication controller decreases a voltage level of the trans-
mission line when the temperature judging unit judges that
the element is not in the environment within the usable tem-
perature range, or, alternatively, a communication controller
that is connected to the wireless control circuit via a trans-



US 9,399,857 B2

3

mission line and controls communication of the identification
information with the wireless control circuit; and a relay that
electrically interrupts the transmission line when the tem-
perature judging unit judges that the element is not in the
environment within the usable temperature range.

With this arrangement, when the temperature judging unit
judges that the element is not in the environment within the
usable temperature range, the communication controller
decreases the voltage of the transmission line to a low level or
interrupts the transmission line by the relay provided in the
transmission line. Accordingly, sneak current from the com-
munication controller to the wireless control circuit can be
suppressed, thereby preventing the wireless control circuit
from being activated by such a sneak current.

According to another aspect of the invention, a communi-
cation device that executes at least one of reading identifica-
tion information stored in an identification component and
writing the identification information to the identification
component includes: a wireless control circuit that outputs
radio waves; a temperature detector that comprises a plurality
of'temperature sensors for detecting a temperature of an envi-
ronment in which an element forming the wireless control
circuit is used; a temperature judging unit that judges whether
or not the element is in an environment within a usable tem-
perature range, based on whether or not the temperature
detected by the temperature detector falls within a control
limit value including a lower limit value and an upper limit
value; and a wireless power supply controller that suppresses
a supply of power to the wireless control circuit when the
temperature judging unit that the element is not in the envi-
ronment within the usable temperature range, in which the
identification component is attached to a component installed
in a working vehicle.

The working vehicle according to the above aspect of the
invention includes the communication device according to
one of the above arrangements. The working vehicle provides
the same advantageous effects as the communication device.

In the above aspect of the invention, the communication
device is provided in a machine room of the working vehicle.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view showing a working vehicle
according to an exemplary embodiment of the invention.

FIG. 2 is a schematic view showing a filter provided with an
IC tag and a communication device which are disposed in a
machine room of the working vehicle.

FIG. 3 is a block diagram schematically showing an
arrangement of a component management system.

FIG. 4 is an exploded perspective view of the communica-
tion device.

FIG. 5 is a cross-sectional view showing an assembled
communication device and taken along a V-V line in FIG. 4.

FIG. 6 is a circuit block diagram of a CPU board used in the
communication device.

FIG. 7 is a control block diagram of the communication
device.

FIG. 8 illustrates a start-up control by the communication
device.

FIG. 9 is a flowchart of disconnection detection.

FIG. 10 is a flowchart of temperature detection.

FIG. 11 illustrates a disconnection detection circuit.

FIG. 12 illustrates a process of the temperature detection.

FIG. 13 is a top view showing an inside of the machine
room.

DESCRIPTION OF EMBODIMENT(S)

Exemplary embodiment(s) of the invention will be
described below with reference to the attached drawings.
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FIG. 1 is a perspective view of a hydraulic excavator 1 (a
construction machine) as one of working vehicles in which a
reader writer 15 (a communication device) in the exemplary
embodiment of the invention is mounted. In the exemplary
embodiment, the hydraulic excavator 1 includes a vehicle
body 2 and working equipment 3. The vehicle body 2 includes
atravelling device 4 and an upper revolving body 5. The upper
revolving body 5 includes a machine room 5A that houses a
motive power generator (e.g., an engine EG), a hydraulic
pump 12 and the like. The machine room 5A is disposed near
an end of the upper revolving body 5.

In the exemplary embodiment, the hydraulic excavator 1
includes an internal combustion engine (e.g., a diesel engine)
as the motive power generator. However, the arrangement of
the hydraulic excavator 1 is not limited thereto. For instance,
the hydraulic excavator 1 may be provided with a so-called
hybrid motive power generator in which an internal combus-
tion engine, a generator and a capacitor are combined.

The working equipment 3 and a cab 5B are provided in the
front of the upper revolving body 5 while the machine room
5A is provided at the back of the upper revolving body 5. The
upper revolving body 5 includes the cab 5B. The upper
revolving body 5 further includes a counterweight 5C. The
cab 5B is mounted on the upper revolving body 5. The cab 5B
is disposed in front of the machine room 5A. The counter-
weight 5C is disposed behind the machine room 5A.

The counterweight 5C, which is provided for weight bal-
ance with the working equipment 3, is filled with heavy
weights.

The travelling device 4 includes crawlers 4a and 45. The
travelling device 4 drives a hydraulic motor (not shown),
thereby rotating the crawlers 4a and 46 to travel, thereby
driving the hydraulic excavator 1. The working equipment 3
is attached to a lateral side of the cab 5B of the upper revolv-
ing body 5.

As described above, the working equipment 3 and the cab
5B are provided in the front of the upper revolving body 5
while the machine room 5A is provided at the back of the
upper revolving body 5. The left and right sides of the upper
revolving body 5 are determined with reference to the upper
revolving body 5 facing forward.

The working equipment 3 includes a boom 6, arm 7, bucket
8, boom cylinder 6A, arm cylinder 7A and bucket cylinder
8A. A base end portion of the boom 6 is attached to the front
of the vehicle body 2 through a boom pin 6B, whereby the
boom 6 is swingable. A base end portion of the arm 7 is
attached to a tip end of the boom 6 through an arm pin 7B,
whereby the arm 7 is swingable. The bucket 8 is attached to a
tip end of the arm 7 through a bucket pin 8B, whereby the
bucket 8 is swingable.

FIG. 13 is a top view showing an inside of the machine
room 5A. The machine room 5A houses the engine EG and
the hydraulic pump 12. The machine room 5A is disposed
near an end (rear side) of the upper revolving body 5. The
inside of the machine room 5A is divided into a pump room
5A1 and an engine room 5A2 by a partition board 5SA3. When
the machine room 5A is seen from the back, the pump room
5A1 is positioned on the right side of the machine room SA
while the engine room 5A2 is positioned on the left side
thereof. The partition board 5A3 is a metal plate for prevent-
ing the hydraulic oil from splashing on hot parts of the engine
EG. The engine room 5A2 houses a cooling unit CU includ-
ing a cooling core CC and the like, in addition to the engine
EG. The machine room 5A is separated from the front side
beyond the machine room 5A by a partition plate (not shown).
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The cooling unit CU is adjacent to the engine EG and cools a
cooling water, hydraulic oil and the like flowing into the
engine EG.

FIG. 2 shows the pump room 5A1 with a door (not shown),
which is positioned on the right side of the machine room 5A
of the hydraulic excavator 1, being opened. For example, a
bracket 11A attached to the hydraulic pump 12 is provided in
the pump room 5A1 of the machine room 5A. The bracket
11A is attached with a filter head 13A. The filter head 13A is
attached with a hose 14A.

The filter head 13A is attached with a filter 20A. The filter
20A is an engine oil filter. Dust and the like contained in the
oil flowing through the hose 14A are removed by the filter
20A.

The pump room 5A1 of the machine room 5A is attached
with a filter head 13B through a bracket 11B. The filter head
13B is attached with a fuel hose 14B.

The filter head 13B is attached with a filter 20B. The filter
is a fuel pre-filter. Dust and the like contained in the fuel
flowing through the fuel hose 14B are removed by the filter
20B.

The filter heads 13A and 13B each are a filter-holding
component for holding and fixing the filter 20. Hereinafter,
the filter heads 13 A and 13B and a filter head (not shown) for
holding and fixing a fuel main filter 20C may be collectively
referred to as a filter head 13. The fuel main filter 20C is
disposed in the engine room 5A2 as shown in FIG. 13,
although not shown in FIG. 2. As described above and shown
in FIG. 2, the filter 20A and the filter 20B are disposed in the
pump room 5A1 using the hose 14A and the fuel hose 14B in
a position where a service engineer can inspect and replace
the filter 20 at hand.

Anengine room 5A2 (FIG. 13) is positioned on an opposite
side from the pump room 5A1 (i.e., the left side of the hydrau-
lic excavator 1). As shown in FIG. 13, the fuel main filter 20C
is provided near the engine EG in the engine room 5A2 ofthe
machine room 5A, using a filter head (not shown). The fuel
main filter 20C also removes dust and the like contained in the
fuel. The fuel flows from a fuel tank (not shown) to the fuel
pre-filter 20B and further to the fuel main filter 20C to be
supplied to a fuel injector (not shown). Each of the filters 20 A,
20B and 20C described above is a component that requires a
periodic replacement because an internal filter member is
clogged in use. Timing for the periodic replacement can be
judged, for instance, from accumulated operating hours
shown on a service meter that measures operating hours of the
engine EG of the hydraulic excavator 1. In the exemplary
embodiment, the hydraulic excavator 1 including the fuel
pre-filter 20B is shown. However, the hydraulic excavator 1
without the fuel pre-filter 20B or the hydraulic excavator 1
with a plurality of fuel pre-filters 20B is also usable.

FIG. 3 is a block diagram schematically showing an
arrangement of a component management system.

In FIG. 3, the filters 20A, 20B and 20C are respectively
attached with IC tags 30 A, 30B and 30C (i.e., an identification
component) that store the identification information for the
respective filters 20. The identification information such as an
item number for specifying a type of a component, a manu-
facturing date of the component, a serial number (manufac-
turing number) for specifying each of components having the
same item number, a supplier code of a manufacturer of the
components, and the like are stored in the IC tags 30A, 30B
and 30C.

In the machine room 5A, the reader writer 15 that reads the
identification information stored in the IC tags 30A, 30B and
30C is attached via a bracket 16. In the exemplary embodi-
ment, the reader writer 15 is used for explanation. However,

10

15

20

25

30

35

40

45

50

55

60

6

the invention is not limited to the reader writer 15 capable of
executing both reading and writing of the identification infor-
mation, but also applicable to a reader capable of executing a
function of only reading the identification information of the
IC tags 30A, 30B and 30C, as the communication device.
Further, the invention is applicable to a writer capable of
executing a function of only writing information on the IC
tags 30A, 30B and 30C, as the communication device.
Component Monitoring System of Working Vehicle

Next, a component monitoring system with use of the
identification information stored in the IC tags 30A, 30B and
30C of the respective filters 20A, 20B and 20C will be
described with reference to FIG. 3.

The component monitoring system includes a control cen-
ter 100, the hydraulic excavator 1, and a communication
network 110 through which the identification information is
transmitted and received between the control center 100 and
a plurality of hydraulic excavators 1.

The control center 100 controls a variety of information
including identification information of a plurality of working
vehicles, in a unified manner. In other words, the control
center 100 acquires and controls not only the identification
information but also a variety of information such as infor-
mation of the accumulated operating hours and failure infor-
mation of each of the working vehicles, through a wireless
communication from each of the working vehicles. A control
server 101 of the control center 100 controls and stores the
identification information of the hydraulic excavator 1.

The communication network 110 is a network for data
communication through a wireless communication, with use
of'a mobile phone network and/or a satellite communication
network.

The hydraulic excavator 1 (working vehicle) is provided
with a communication controller 200 having a communica-
tion terminal 202 that is connected to an antenna 201 for
communication through the communication network. More-
over, the hydraulic excavator 1 includes an engine controller
211, a pump controller 212, a monitor 213, and the reader
writer 15. The engine controller 211 controls a fuel amount to
be injected from a fuel injector (not shown) to the engine EG
to adjust engine output. The pump controller 212 controls an
angle of a swash plate of the hydraulic pump 12 or a hydraulic
motor (not shown) to adjust a discharge amount of the hydrau-
lic oil. The monitor 213 has functions to display a residual
amount of the fuel and set operation conditions of the hydrau-
lic excavator 1. In the exemplary embodiment, two reader
writers 15A and 15B are provided as the reader writer 15. The
reader writer 15 may be provided by a single reader writer or
by two or more reader writers. A communication state
between the reader writer 15 and each of the IC tags 30A, 30B
and 30C is determined depending on relative positions ther-
ebetween. Accordingly, with a plurality of reader writers 15,
the identification information of the IC tag can be reliably
read, or the identification information can be read from the
plural IC tags. These devices and the communication control-
ler 200 are connected in a manner capable of mutual data
communication through an in-vehicle network 210 such as
CAN (Controller Area Network).

As shown in F1G. 2, the reader writer 15A is provided in the
pump room 5A1, while the reader writer 15B is provided in
the engine room 5A2. In the exemplary embodiment, each of
the reader writers 15A and 15B can communicate with the IC
tags 30A, 30B and 30C of the respective filters 20A, 20B and
20C. In the following description, the IC tags 30A, 30B and
30C may be collectively referred to as an IC tag 30. The reader
writers 15 and 15B may be collectively referred to as the
reader writer 15.
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When an operator operates a key switch (not shown) to start
the engine EG of the hydraulic excavator 1, the reader writer
15 is powered from a battery (not shown) to operate.

Alternatively, the communication controller 200 may have
a timer function to operate the reader writer 15 periodically
(e.g., once a day), or the reader writer 15 may be non-peri-
odically operated in accordance with an operational instruc-
tion of an administrator in the control center 100 or an opera-
tor of the hydraulic excavator 1. Specifically, the reader writer
15 may be adapted to be driven when the communication
controller 200 receives a predetermined driving signal that
the administrator transmits from the control center 100 to the
hydraulic excavator 1 through the communication network
110. Alternatively, the reader writer 15 may be adapted to be
driven when the communication controller 200 receives a
predetermined driving signal that the operator of the hydrau-
lic excavator 1 transmits by operating an operational button.
Further, a sensor that detects attachment/detachment of the
filter 20 may be provided to the filter head 13. The reader
writer 15 may be operated in response to output of this sensor.
When the reader writer 15 is driven due to the above various
driving factors, power is supplied from a battery (not shown)
to the reader writer 15, thereby executing a flow of interrupt-
ing the power according to the detection of disconnection as
shown in FIG. 9, or a flow of interrupting the power according
to the detection of temperatures as shown in FIG. 10.

The communication controller 200 reads the identification
information of the IC tag 30 through the reader writer 15,
writes new identification information to the IC tag 30, or
updates old identification information.

The communication controller 200 transmits the identifi-
cation information read from the IC tag 30 to the control
server 101 of the control center 100 through the communica-
tion terminal 202, antenna 201, and communication network
110. The aforementioned function of the communication con-
troller 200 may be provided to another controller such as the
pump controller 212.

With the above component monitoring system, in an area
remote from the hydraulic excavator 1 (working vehicle), the
control server 101 can recognize attachment timing of the
filters 20 A, 20B and 20C by acquiring the identification infor-
mation of the IC tags 30A, 30B and 30C read by the reader
writer 15. Accordingly, the control server 101 can easily and
reliably manage a replacement timing of each of the filters
20A, 20B and 20C in the working vehicle. Moreover, the
control server 101 can notify the replacement timing of each
of'the filters 20A, 20B and 20C to a maintenance engineer of
the working vehicle. Accordingly, the maintenance engineer
can reliably replace filters of a working vehicle of a customer
at an appropriate timing. It is crucial in terms of the afore-
mentioned component management to thus reliably acquire
the identification information of the IC tag 30 using the reader
writer 15.

Arrangement of Machine Room

Next, the filter 20 (20A, 20B, 20C) will be described.

As described above or as shown in FIGS. 2 and 3, the
machine room 5A is attached with the filters provided with
the IC tags (hereinafter abbreviated as a filter) 20 such as the
oil filter 20A, the fuel pre-filter 20B, and the fuel main filter
20C.

Moreover, the machine room 5A is provided with the
reader writer 15 (15A,15B) that reads the identification infor-
mation of the IC tag 30 attached to the filter 20.

Reader Writer

The reader writer 15 according to the exemplary embodi-
ment communicates with the IC tag 3 using radio waves in,
for instance, a UHF band of 900 MHz. With the radio waves
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in this frequency band, the reader writer 15 can communicate
with the IC tags 30 distanced by about 1 m. Accordingly, the
reader writer 15 is usable even in the engine room 5A2 and the
pump room 5A1 of the hydraulic excavator 1.

FIG. 4 is an exploded perspective view showing the reader
writer 15 (communication device). FIG. 5 is a cross-sectional
view showing an assembled reader writer 15 (communication
device) and taken along a V-V line in FIG. 4. In FIG. 5, a
connector 23A, aperture 22H, breather 22C, and breather
protection member 22D are not shown. An exterior of the
reader writer 15 is provided by a metallic base plate 21 made
by aluminum die-casting or the like and a resin-made cover
22 in a form of a box having a predetermined Y-directional
depth as shown in FIG. 4. In an internal space defined by the
base plate 21 and the cover 22, a CPU board 23 (a control
board), an antenna (hereinafter, occasionally referred to as an
antenna substrate) 24 that is spaced from the CPU board 23 in
the Y direction as shown in FIGS. 4 and 5 and transmits the
output obtained from a later-described wireless control cir-
cuit 35 in the form of radio waves, and a metallic shield
member 25 that covers a component-installed surface of elec-
tronic components and the like (hereinafter, referred to as an
element) on the CPU board 23 are housed. The CPU board 23
and the antenna 24 are electrically connected to each other
through a connection cable 26. The antenna 24 is provided by
forming a pattern of an antenna on the board and connecting
the connector 26A to the antenna. The reader writer 15 is
disposed in both of the engine room 5A2 and the pump room
5A1 (see FIG. 2) such that the connector (receptacle) 23A
attached to the CPU board 23 faces downward. The connector
23A is exposed through the aperture 22H on the cover 22. A
connector to which a communication cable for the in-vehicle
network 210, a power cable from the battery, and the like are
connected is fitted into the connector 23A.

The base plate 21 and the cover 22 are connected to each
other with screws 28 while an annular sealing material 27 is
interposed between the base plate 21 and the cover 22. The
base plate 21 is provided with a ground member 21A that is
grounded to a metallic frame of the vehicle body 2 via a screw
(not shown) or the like. The base plate 21 and a ground line of
the CPU board 23 are electrically connected to each other via
an elastic conductive member (not shown) attached to the
CPU board 23. The appropriate number of a heat radiation
sheet 21B is adhered to an appropriate position on the base
plate 21. When the CPU board 23 is disposed in contact with
the heat radiation sheet 21B, heat generated on the CPU board
23 is transmitted to the base plate 21 to radiate.

Any material is usable for the cover 22 as long as the
material is a resin employed for a casing of a typical elec-
tronic device. In the exemplary embodiment in which the
reader writer 15 is used in severe temperature environments,
a resin including glass fiber is used to improve resistance to
environments. The aperture 22H is provided in a part of the
cover 22 where the connector 23 A is disposed. The cover 22
further includes the breather 22C and the breather protection
member 22D which are flush with the aperture 22H. The
breather 22C equalizes atmospheric pressures inside/outside
the reader writer 15 to prevent condensation inside the reader
writer 15. The breather protection member 22D aims at pro-
tecting the breather 22C from damage which may be caused
when the reader writer 15 is attached to the hydraulic exca-
vator 1.

The base plate 21 is metallic and the cover 22 is resin-made
because radio waves are transmitted/received through the
cover 22. The radio waves transmitted from the antenna 24
toward the base plate 21 are reflected by the base plate 21,
thereby being transmitted from the cover 22 opposite to the
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base plate 21. By thus orienting the radio waves for transmis-
sion and reception, the radio waves having a requisite inten-
sity can reliably reach the IC tag 30 of each of the filters 20
disposed in the target. The reader writer 15 can also receive
the radio waves from each of the IC tags 30 with a high
sensitivity.

A plurality of mounting bosses 22A for screw-fixing the
CPU board 23 and the antenna 24 are provided on an inner
side ofthe cover 22. The CPU board 23 is brought into contact
with the mounting bosses 22A extending from an inner bot-
tom 22B of the cover 22 toward the base plate 21. The CPU
board 23 and the shield member 25 are fixed to the cover 22
by screws 29. FIG. 5 only shows the mounting bosses 22A for
the CPU board 23. However, the antenna 24 is also brought
into contact with a similar mounting boss 22A and is fixed to
the cover 22 by the screws 29. The CPU board 23 and the
antenna 24 are spaced from each other along the Y direction
as shown in FIGS. 4 and 5. The CPU board 23 is positioned
near the base plate 21. The antenna 24 is spaced from the base
plate 21 in the Y direction as shown in FIGS. 4 and 5.

The CPU board 23 and the antenna 24 are provided by
separate bodies. However, the CPU board 23 and the antenna
24 can be integrated as the same board. However, in such a
case, in order to sufficiently output the radio waves, it is
necessary to space an antenna part in an in-plane direction (X
direction or Z direction shown in FIGS. 4 and 5) from a CPU
board part on which radio-wave-transmission circuit and the
like are formed. In this arrangement, an area of the used board
becomes large, whereby a project area of the reader writer
becomes large, so that the reader writer becomes large-sized.
Accordingly, by spacing the CPU board 23 from the antenna
24 in a direction (Y direction) perpendicular to the in-plane
direction, the project area is decreased to achieve down-sizing
of the reader writer 15.

It is occasionally required to adjust or modify the designed
size and the like of the antenna 24 after checking the trans-
mission status of the radio waves and the like. In such a case,
the arrangement in which the CPU board 23 and the antenna
24 are integrated requires re-design or re-production of the
whole integrated board for the adjustment and the like. How-
ever, in the arrangement according to the exemplary embodi-
ment in which the CPU board 23 and the antenna 24 are
separated, re-production or replacement of the antenna 24 is
only required, which is advantageous in terms of costs and
handling procedure in the adjustment and the design modifi-
cation.

As described above, since the CPU board 23 and the
antenna 24 are spaced, the radio waves having a requisite
intensity can be transmitted to the IC tag 30.

The shield member 25 functions as shielding incoming
noise such that the elements installed on the CPU board 23
can stably operate without being affected by noise such as
jamming radio waves from the surroundings of the CPU
board 23. The shield member 25 is shaped like a box manu-
factured by processing a thin steel plate by sheet metal work-
ing and is attached over the elements installed on the CPU
board 23. The connection cable 26 is provided by coaxial
cables for high frequency waves and is connected to the CPU
board 23 and a board of the antenna 24 via a connector 26 A
(FIG. 5). The connection cable 26 includes a core and a shield
wire surrounding the core.

Arrangement of CPU Board

FIG. 6 shows a circuit block of the CPU board 23.

On the CPU board 23, a main power supply 31, CPU 32
(communication controller), wireless power supply 33, wire-
less power supply controller 34, wireless control circuit 35,
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and a plurality of temperature sensors 36 (36A, 36B) (tem-
perature detector) are provided.

The main power supply 31 generates and supplies power
for the CPU 32 and power for the wireless power supply 33
based on external power supplied via the connector 23A.

The CPU 32 controls the overall operations of the reader
writer 15, including transmitting a command input through
the in-vehicle network 210 to an RFID (Radio Frequency
Identification) chip 41 of the wireless control circuit 35 as a
command signal (command), and transmitting the command
signal from the RFID chip 41 to the in-vehicle network 210.

The wireless power supply 33 provides a plurality of power
supplies required by the wireless control circuit 35 based on
the power supplied from the main power supply 31. One of
the power supplies is for driving the RFID chip 41. Another
one of the power supplies is for driving another circuit in the
RFID chip 41. A still another one of the power supplies is for
driving a power amplifier 44 (described below) of the wireless
control circuit 35.

The wireless power supply controller 34 operates in
response to the command signal from the CPU 32 to enable
the power to be supplied from the main power supply 31 to the
wireless power supply 33 or to be interrupted. As described
later in the modification, the wireless power supply controller
34 may not only interrupt the power but also decrease the
magnitude of the power to be supplied.

The wireless control circuit 35 is formed as a high fre-
quency circuit including elements such as the RFID chip 41,
a balun 42 that performs impedance matching of a data trans-
mission line on the transmitting side, a filter circuit 43 such as
a band pass filter which eliminates output out of the required
frequency band, a power amplifier 44 that amplifies the output
from the RFID chip 41, a coupler (directional coupler) 45 that
controls transmission to the antenna 24 and the reception
from the antenna without decrease in power, a filter circuit 46
that eliminates an extra input such as noise in the frequency
band, and a balun 47 that performs impedance matching of a
data transmission line on the receiving side. The data trans-
mission line for transmitting the identification information to
the IC tag 30 corresponds to a line running through the RFID
chip 41, balun 42, filter circuit 43, power amplifier 44, coupler
45, and further connection cable 26 to reach the antenna 24.
On the other hand, the data transmission line for receiving the
identification information from the IC tag corresponds to a
line running through a part of the connection cable 26, which
is connected to the antenna 24, coupler 45, filter 46 and balun
47 to reach the RFID chip 41. In other words, the filter circuit
46 and the balun 47 are used when receiving the identification
information from the IC tag 30.

The temperature sensor 36 includes a thermister and the
like and detects a temperature around the CPU board 23,
namely, a temperature of the environments in which the ele-
ments are located. Specifically, the temperature sensor 36 is
installed on the board near the CPU 32 in a manner capable of
detecting the temperature near the surface on which the CPU
board 23 is installed.

Among the elements forming the wireless control circuit
35, the RFID chip 41 outputs and transmits the radio waves in
order to control reading the identification information from
the IC tag 30 or writing the information to the IC tag 30 based
on the command signal from the CPU 32.

The RFID chip 41 monitors its own output returning from
the coupler 45 through the feedback line 48, thereby func-
tioning to ensure the output at an appropriate magnitude.

Inthe exemplary embodiment including two reader writers
15A and 15B, when setting positions of the reader writers
15A and 15B are determined so that each of the reader writers
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15A and 15B can read the same identification information of
the IC tag 30, the respective RFID chips 41 of the reader
writers 15A and 15B communicate with the IC tag 30. In the
reading operation, the same identification information of the
IC tag 30 is read by different RFID chips 41 and is eventually
transmitted to the control server 101. With this arrangement,
even when one of the reader writers 15 malfunctions due to
disconnection or an unstable temperature condition as
described later, the other of the reader writers 15 can read the
identification information of the IC tag 30 and transmit the
read identification information to the control server 101.

Since the CPU board 23 described above is separated from
the antenna 24, the CPU board 23 and the antenna 24 are
electrically connected via the connection cable 26. A state
where the connection cable 26 is unplugged from the connec-
tor 26A and a state where the connection cable 26 is broken
for some reasons such as vibration are defined as a discon-
nection state or simply disconnection. In a non-conduction
state, when the RFID chip 41 is powered to transmit the radio
waves to transmit, the output radio waves are totally reflected
at the connection cable 26 disconnected from the connector
26A or a broken part of the connection cable 26, which may
cause damage to the elements in the circuit of the CPU board
23 to output unstable radio waves.

The hydraulic excavator 1 occasionally works in a cold
area where it becomes severely cold or an area where it
becomes severely hot. Further, since the reader writer 15 is set
near the engine EG, the hydraulic pump 12 and the like which
are heat sources, the reader writer 15 needs to be operated at
severe temperatures. The elements forming the reader writer
15 are usable within a predetermined temperature range.
Accordingly, when used out of the predetermined tempera-
ture range, it is expected that a stable operation of the device
cannot be ensured. The usable temperature range of the ele-
ments is defined by a temperature range in which the elements
are not damaged in non-operation and a temperature range
(operation-securable temperature range) in which the device
is securely operable without being damaged in operation. In
the exemplary embodiment, the usable temperature range is
set by slightly narrowing the operation-securable temperature
range for allowance. The power is interrupted according to
the temperature detection (see FIG. 10). In the exemplary
embodiment, the usable temperature range is set based on the
RFID chip 41 which is an element having the narrowest
operation-securable temperature range (i.e., the upper limit at
high temperatures is low while the upper limit at low tem-
peratures is high) among those of the elements forming the
wireless control circuit 35. A temperature range in which the
elements for wireless communication are expected to be sta-
bly operated is predetermined. Accordingly, when the ele-
ments are used in temperature environments out of the tem-
perature range, the output of the radio waves possibly become
unstable.

For this reason, the CPU 32 in the exemplary embodiment
monitors a connection state of the connection cable 26 and a
broken state of the connection cable 26. The CPU 32 is
provided with various means for avoiding an unstable output
of the radio waves when the above-defined disconnection
occurs. Moreover, the CPU 32 is also provided with various
means for avoiding an unstable output of the radio waves
when the temperature of the surface on which the CPU board
23 is installed falls out of the predetermined range.
Arrangement of CPU

An overall arrangement of the CPU 32 will be described
below.

In FIG. 7, the CPU 32 includes an external input/output
unit 51, command input/output unit 52, and arithmetic pro-
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cessing unit 53. Further, the arithmetic processing unit 53
includes a disconnection detector 61, switch command gen-
erator 62, detection temperature acquirer 63, temperature
difference calculator 64, temperature judging unit 65,
response confirmation unit 66, and command input/output
unit controller 67. The switch command generator 62 and the
wireless power supply controller 34 form a transmission con-
troller.

The external input/output unit 51 inputs/outputs the com-
mand signal and the information transmitted or received via
the in-vehicle network 210, inputs the detection signal from
the temperature sensor 36, inputs the power, and reads soft-
ware from a storage (not shown) to instruct the CPU 32 to
function as the components 61 to 67.

The command input/output unit 52 inputs/outputs the com-
mand signal from/to the RFID chip 41.

The arithmetic processing unit 53 executes not only the
process of controlling the entire reader writer 15 but also the
process by each of the components 61 to 67.

When the CPU 32 is activated, the disconnection detector
61 of the arithmetic processing unit 53 detects disconnection
from the data transmission line between the CPU board 23
and the antenna 24, for instance, breakage of the connection
cable 26 and an unplugged state of the connection cable 26
from the connector 26A. For specifically detecting the dis-
connection, a disconnection-detecting circuit shown in FIG.
11 is exemplarily used.

In the disconnection-detecting circuit shown in FIG. 11, a
pull-up resistor R1 having a predetermined resistance value is
provided in the data transmission line on the CPU board 23
while a pull-down resistor R2 having the same resistance
value as that of the pull-up resistor R1 is provided between the
data transmission line and a ground line on the antenna 24.
The CPU 32 monitors a voltage Vin at a point P on the data
transmission line. The disconnection is detectable from a
difference between a voltage Vin at the point P in a normal
conduction via the connection cable 26 and a voltage Vin at
the disconnection. In the normal conduction, the voltage cal-
culated by a calculation formula of Vin=(R2/(R1+R2)xVc is
applied on the point P. Herein, V¢ represents a voltage applied
on the pull-up resistor R1 and having a predetermined mag-
nitude. However, when at least one of the core and the shield
wire of the connection cable 26 provided by coaxial cables is
broken, or the connection cable 26 becomes unplugged from
the connector 26 A, R2 in the above formula becomes infinite
and a value obtained by dividing R2 by a sum of R1 and R2,
in short, (R2/(R1+R2)) becomes approximately 1. Accord-
ingly, at the disconnection, Vin=1xVc, in short, Vin=Vc is
satisfied according to the above formula. When this relation is
satisfied, CPU 32 judges that the connection cable 26 is
disconnected.

When the disconnection detector 61 judges that the CPU
board 23 and the antenna 24 are disconnected, the switch
command generator 62 transmits a command signal (OFF
signal) of interrupting the supply of the power to the wireless
power supply controller 34. When the disconnection detector
61 judges that the CPU board 23 and the antenna 24 are in a
normal connection, the switch command generator 62 trans-
mits a command signal (ON signal) of permitting the supply
of the power.

When the OFF signal is transmitted in the disconnection,
the wireless power supply controller 34 forms an open state,
thereby interrupting the supply of the power from the main
power supply 31 to the wireless power supply 33. For this
reason, the power is not supplied to the RFID chip 41,
whereby the RFID chip 41 is kept not activated. Accordingly,
the radio waves are not output from the RFID chip 41 toward
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the antenna 24, thereby preventing the elements from being
damaged by the total reflection and preventing radio waves
with an unexpected output from being transmitted. The inter-
ruption of the power because of the disconnection is main-
tained at least until the CPU 32 is powered again.

The detection temperature acquirer 63 acquires detection
temperatures obtained from both the temperature sensors
36A and 36B every specific period of time, and repeats such
anacquisition for a predetermined number of times (N times).
The detection temperature acquirer 63 further repeats
N-time-acquisition for a specified period of time.

The temperature difference calculator 64 calculates a mov-
ing average of the detection temperatures for N times
acquired by the detection temperature acquirer 63 to obtain a
moving average temperature at every specific period of time
of each of the temperature sensors 36A and 36B. Moreover,
after the elapse of the specific period of time, the temperature
difference calculator 64 calculates a temperature difference
between the moving average temperature of the temperature
sensor 36A and the moving average temperature of the tem-
perature sensor 368 which are obtained at the last specific
period of time.

The temperature judging unit 65 judges whether or not the
elements installed on the CPU board 23 are in the environ-
ment within the usable temperature range based on the tem-
peratures detected by the temperature sensors 36 A and 36B.
Moreover, the temperature judging unit 65 judges whether or
not the temperature difference calculated by the temperature
difference calculator 64 falls within a predetermined range
based on the temperatures detected by the temperature sen-
sors 36A and 36B. A control limit value (i.e., an upper limit
value and a lower limit value) is set in the detection tempera-
ture. The temperature judging unit 65 monitors whether or not
at least one of the moving average temperatures falls within
the usable temperature range, in other words, falls out of the
control limit value. The temperature judging unit 65 judges
one of the temperature sensors 36 A and 36B as being recog-
nized in an unstable state, when the temperature difference
between the moving average temperatures of the temperature
sensors 36A and 36B detected by the temperature difference
calculator 64 falls out of the predetermined range. Moreover,
the temperature judging unit 65 judges the temperature of the
CPU board 23 near the installed surface as being unexpect-
edly higher or lower, when at least one of the detected moving
average temperatures is out of the control limit value. A
process of such a temperature detection will be described
later in detail.

Herein, also when the temperature judging unit 65 judges
that one of the temperature sensors 36 A and 368 is recog-
nized in an unstable state, and that the temperature of the CPU
board 23 near the installed surface is unexpectedly higher or
lower, the aforementioned switch command generator 62
transmits the command signal (OFF signal) of interrupting
the supply of the power to the wireless power supply control-
ler 34, thereby interrupting the supply of the power from the
main power supply 31 to the wireless power supply 33.

As described above, similar to the antenna 24 at the dis-
connection, when an unstable state is generated in one of the
temperature sensors 36A and 36B, or when the detection
temperature of one of the temperature sensors 36A and 368
falls out of the usable temperature range, the power is not
supplied to the RFID chip 41, whereby the RFID chip 41 is
kept undrivable. Accordingly, it is possible to prevent the
elements from being used in a state where the temperature is
not correctly detected and a state where the temperature falls
out of the usable temperature range, so that it is possible to
prevent the radio waves with an unexpected output from
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being transmitted. Moreover, it is possible to prevent failure
from generating in the elements. The interruption of the
power because of the temperature is cancelled when the tem-
perature judging unit 65 judges that the temperature sensor(s)
judged as being recognized in an unstable state is returned to
a stable state, or when the detected temperature is returned to
fall within the usable temperature range. In other words, the
switch command generator 62 transmits the ON signal,
whereby the power is supplied from the wireless power sup-
ply 33 to the RFID chip 41.

Such an interruption of the supply of the power to the
wireless power supply 33 based on the detection temperature
provides the following advantages. For instance, when the
temperature exceeds the upper limit value of the usable tem-
perature range, the performance of the power amplifier 44 is
deteriorated. Though the RFID chip 41 is likely to transmit
radio waves in an unpermitted frequency band n order to
compensate for such deterioration, such a transmission is
preventable. Moreover, when the temperature exceeds the
upper limit value of the usable temperature range, it is pos-
sible that an adhesive and the like to be used is softened to
cause a structural failure of the filter circuits 43 and 46.
Further, when the temperature exceeds one of the upper limit
value and the lower limit value of the usable temperature
range, the filter circuits 43 and 46 may filter an unintended
frequency band.

The response confirmation unit 66 monitors the command
signal transmitted from the RFID chip 41 in response to the
command signal that the CPU 32 transmits to RFID chip 41.
When the response confirmation unit 66 judges that a
response command signal is not transmitted from the RFID
chip 41, assuming that some failure occurs, the switch com-
mand generator 62 transmits the command signal (OFF sig-
nal) of interrupting the supply of the power to the wireless
power supply controller 34, thereby interrupting the supply of
the power from the main power supply 31 to the wireless
power supply 33. In other words, since a stable operation
cannot be ensured when a causeless failure occurs, the supply
of'the power is interrupted.

While the supply of the power to the wireless power supply
33 is interrupted by the wireless power supply controller 34,
the command input/output unit controller 67 functions for
setting a communication port between the CPU 32 and the
RFID chip 41, namely, a communication port of the command
input/output unit 52 at a LOW level (e.g., about 0 V of the
voltage).

Since the supply of the power from the main power supply
31 to the wireless power supply 33 is interrupted, the power is
not supplied to the RFID chip 41, whereby the RFID chip 41
is not activated. However, since the CPU 32 is activated, a
predetermined voltage is applied on the communication port
between the CPU 32 and the wireless control circuit 35,
namely, on the command input/output unit 52. In such a state,
sneak current may occur from the CPU 32 toward the RFID
chip 41 since the CPU 32 and the RFID chip 41 are physically
connected by the transmission line. The electric current is
charged in a capacitor or the like in the RFID chip 41.
Depending on conditions, the electric current may be used for
power for the power amplifier 44 and the like, thereby trans-
mitting unstable radio waves with a predetermined output
toward the outside.

In the exemplary embodiment, when the wireless power
supply controller 34 interrupts the supply of the power to the
wireless power supply 33, the command input/output unit
controller 67 sets the voltage ofthe transmission line between
the command input/outputunit 52 and the RFID chip 41 at the
LOW level (about 0 V of the voltage), thereby preventing the
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sneak current from the CPU 32 toward the RFID chip 41 from
flowing into the RFID chip 41. Unlike the exemplary embodi-
ment in which the aforementioned sneak current is prevented
by using the CPU 32, the electric current may be prevented
from flowing into the RFID chip 41 by electrical interruption
of the transmission line between the command input/output
unit 52 and the RFID chip 41. For instance, a relay is incor-
porated into the transmission line, and when the wireless
power supply controller 34 interrupts the supply of the power
to the wireless power supply 33, the relay is activated to
interrupt the transmission line, whereby the electric current
may be prevented from flowing into the RFID chip 41.
Arrangement of Wireless Power Supply Controller

Next, an exemplary function of the wireless power supply
controller 34 will be described.

FIG. 8 illustrates a start-up control of the communication
device. An abscissa axis of FIG. 8 represents time (T) and an
ordinate axis represents a fluctuation of the voltage of each of
the power supply sources, or achange ofthe control signal. As
shown in FIG. 7, the wireless power supply controller 34
includes a start-up controller 71. On receiving the ON signal
from the CPU 32, the start-up controller 71 initially starts
supplying the power to the wireless power supply 33 as shown
in FIG. 8, thereby causing the wireless power supply 33 to
generate power for driving the RFID chip 41 (FIG. 8(a)).
After the voltage of the power to be supplied to the RFID chip
41 is increased to a certain percentage (90% in the exemplary
embodiment), the start-up controller 71 transmits a control
signal to the wireless power supply 33 (FIG. 8(5)). The wire-
less power supply 33 generates power for driving the power
amplifier 44 and power for a circuit other than the RFID chip
41 (FIGS. 8(c), (d)).

Thus, among the elements of the wireless control circuit
35, the RFID chip 41, which is a main controller, is initially
activated and the power is subsequently supplied to the
peripheral elements and circuits to sequentially start,
whereby the wireless control circuit 35 is stably operated.
Flow of Power Supply Interruption

Hereinafter, a flow of interrupting the power in response to
the detection of the disconnection will be described with
reference to the flow chart of FIG. 9. A flow of interrupting the
power in response to the detection of the temperature will be
described with reference to the flow chart of FIG. 10.

In FIG. 9, the main power supply 31 after receiving a
driving factor signal (e.g., a key switch signal) supplies the
power to the CPU 32 to activate. When the CPU 32 is acti-
vated, initially, the disconnection detector 61 of the CPU 32
acquires a voltage (Vin) for detecting the disconnection as
shown in FIG. 11 and compares the acquired voltage (Vin)
with a preset voltage (a voltage calculated according to the
above formula) (STP1). As a result of the comparison, when
the acquired voltage is coincident with the preset voltage, the
disconnection detector 61 judges that the CPU board 23 and
the antenna 24 are in a normal conduction (STP1, YES).

Next, the switch command generator 62 transmits the ON
signal to the wireless power supply controller 34 (STP2).

Accordingly, the power is supplied from the main power
supply 31 to the wireless power supply 33 and the power is
supplied from the wireless power supply 33 to the RFID chip
41, whereby the wireless control circuit 35 including the
RFID chip 41 is activated to make the reader writer 15 in a
normal use condition.

On the other hand, when the acquired voltage (Vin) is not
coincident with the preset voltage (the voltage calculated
according to the above formula), in other words, when Vin is
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not equal to Ve, the disconnection detector 61 judges that the
CPU board 23 and the antenna 24 are disconnected (STP1,
NO).

At this time, the switch command generator 62 transmits
the OFF signal to the wireless power supply controller 34
(STP3).

Accordingly, the power is not supplied from the main
power supply 31 to the wireless power supply 33, so that the
power for the RFID chip 41 and for any other component is
not generated. Consequently, the output from the RFID chip
41 is not transmitted, thereby possibly preventing the ele-
ments from being damaged by the total reflection at a discon-
nection part and preventing unexpected radio waves from
being transmitted.

Next, a flow of interrupting the power in response to the
temperature detection will be described with reference to
FIGS. 10 and 12. In the reader writer 15 in a normal use
condition, the detection temperature acquirer 63 of the CPU
32 acquires detection temperatures t1 and t2 obtained from
the temperature sensors 36A and 36B every predetermined
period of time INT (STP1), which is repeated for a predeter-
mined number of times (N times). The detection temperature
acquirer 63 further repeats N-time-acquisition for a specified
period of time TM. N times refer to the preset number of the
times.

When the temperature detection does not reach the prede-
termined N times, the temperature detection is repeated
(STP2, NO). During this acquisition, the temperature differ-
ence calculator 64 acquires a plurality of groups of detection
temperatures for N times, which is acquired by the detection
temperature acquirer 63, during the specified period of time
TM, thereby obtaining a moving average of the acquired
detection temperatures to calculate moving average tempera-
tures T1 and T2 of the respective temperature sensors 36A
and 36B for each specified period of time (TM1, TM2, etc.).
Moreover, the temperature difference calculator 64 calculates
a temperature difference AT between the moving average
temperature T1 of the temperature sensor 36 A and the mov-
ing average temperature T2 of the temperature sensor 368
which are obtained at the last specific period of time (STP3).

The process in STP2 of FIG. 10 will be specifically
described with reference to FIG. 12. The process described
below is executed by the detection temperature acquirer 63,
so that the moving average temperatures T1 and T2 are
obtained. The temperature sensors 36A and 36B acquire the
detection temperatures t1 and 12 every predetermined period
of'time INT. Inthe specified period of time TM1, the detection
temperatures acquired at the first specified times N are
defined as d1/ to d1». When the specific period of time TM1
is not elapsed, the detection temperatures (d2/ to d2z) are
acquired at the next specified times N. Groups (d1/to d1z,d1/
to d2x, etc.) of the detection temperatures acquired the speci-
fied times N are respectively averaged to obtain average val-
ues (Al,A2, etc.). It is exemplarily assumed that four average
values of Al to A4 are obtainable for the specified period of
time TM1. An average value of the four average values is
obtained and defined as the moving average temperature T1
or T2. As shown in FIG. 12, the specified period of time TM
starts to be counted every execution of the temperature detec-
tions for the specified times N, and the moving average tem-
perature T1 or T2 is obtained in sequence. The temperature
difference calculator 64 calculates the temperature difference
AT between the moving average temperatures T1 and T2 in
the last specified period of time TM. By thus obtaining the
moving average temperatures, an accurate detection tempera-
ture with less influence of the noise and the like can be
obtained even when the temperature sensor 36A or 36B
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momentarily detects an incorrect temperature due to the
influence of the noise and the like. Based on the detection
temperature, the interruption of the power can be executed.

Next, the temperature judging unit 65 judges whether or
not the temperature difference AT calculated by the tempera-
ture difference calculator 64 falls within the predetermined
range and whether or not the last moving average tempera-
tures T1 and T2 fall within the preset control limit value
(STP4). When the temperature difference AT falls out of the
predetermined range or the moving average temperatures T1
and T2 fall out of the control limit value as operating hours of
the hydraulic excavator 1 is increased in severe temperature
environments (e.g., in severely hot or cold areas) (STP4, NO),
the switch command generator 62 transmits the OFF signal to
the wireless power supply controller 34 (STP5), thereby
interrupting the supply of the power to the wireless power
supply 33.

On the other hand, when it is judged in STP4 that the
temperature difference AT falls within the predetermined
range and the moving average temperatures T1 and T2 fall
within the control limit value (STP4, YES), the temperature
judging unit 65 checks the state of the wireless power supply
controller 34 (STP6). When the supply of the power from the
main power supply 31 to the wireless power supply 33 is
completed by the transmission of the ON signal to the wire-
less power supply controller 34, the supply of the power is
kept in the same state (STP6, YES). However, when the
supply of the power from the main power supply 31 to the
wireless power supply 33 is interrupted by transmission of the
OFF signal to the wireless power supply controller 34 (STP6,
NO), the switch command generator 62 transmits the ON
signal to the wireless power supply controller 34 (STP7),
thereby restarting the supply of the power to the wireless
power supply 33.

By executing the aforementioned flow, the breakage of the
elements and the like and transmission of the radio waves
having an unexpected output can be prevented even when the
disconnection and the detection temperature in an unstable
state are recognized.

MODIFICATION(S)

The scope of the invention is not limited to the above-
described embodiment but includes various variations and
improvements as long as an object of the invention can be
achieved.

For instance, in the above exemplary embodiment, the
temperature sensor 36 is provided for detecting the tempera-
ture around the installed surface of the CPU board 23. How-
ever, the temperature sensor 36 may detect temperatures of
other places such as a temperature of an inner space of the
reader writer 15, a temperature of an outer surface of the
reader writer 15, an ambient temperature outside the reader
writer 15 and an outside air temperature. Based on these
temperatures, a temperature of the environment in which the
element is used is estimated. The temperature judging unit 65
can use the estimated temperature as a detection temperature.

In the above exemplary embodiment, the supply of the
power from the main power supply 31 to the wireless power
supply 33 is interrupted based on the moving average tem-
peratures T1 and T2 and a temperature difterence AT ther-
ebetween. However, instead of interrupting the supply of the
power, the power may be supplied with the magnitude of the
power decreased to the level at which the element is not
unstably operated. In this arrangement, the control limit value
may be set to have a plurality of stages, and a reduction
percentage of the magnitude of the power may be altered
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according to the stages. Alternatively, the supply of the power
from the main power supply 31 to the wireless power supply
33 may be interrupted by judging whether or not the detection
temperature acquired by the temperature sensor 36 falls
within a predetermined threshold (within the control limit
value including the lower limit value and the upper limit
value), instead of calculating the moving average tempera-
tures T1 and T2. Alternatively, instead of calculating the
moving average temperatures T1 and T2, the temperature
judging unit 65 may judge that any one of the temperature
sensors 36 is in an unstable condition when, after comparing
the detection temperatures acquired by the plurality of tem-
perature sensors 36, a temperature difference between the
detection temperatures falls beyond a predetermined range.

The invention is applicable not only to a construction
machine in a form of a hydraulic excavator, but also to a
working vehicle as a construction machine in a form of a
bulldozer, a wheel loader and a dump truck, and a working
vehicle such as a forklift and an agricultural vehicle. In the
above exemplary embodiment, the IC tag 30 is attached to a
consumable component or a periodic replacement component
in a form of'the filter 20. However, the invention is applicable
to the IC tag 30 attached to another consumable component or
periodic replacement component (e.g., a hydraulic pressure
hose equipped in a working vehicle) and a component corre-
sponding to a repair component such as the engine EG and the
transmission.

The invention claimed is:

1. A communication device that executes at least one of
reading identification information stored in an identification
component and writing the identification information to the
identification component, the communication device com-
prising:

a wireless control circuit that is configured to output an

output signal;

a wireless power supply that is configured to supply power
to the wireless control circuit;

a temperature detector that is configured to detect a tem-
perature of an environment in which an element forming
the wireless control circuit is used;

a temperature judging unit that is configured to judge
whether or not the environment in which the element is
used falls within a usable temperature range of the ele-
ment based on the temperature detected by the tempera-
ture detector;

an antenna that is configured to transmit radio waves based
on the output signal received from the wireless control
circuit supplied with the power;

a transmission controller that is configured to, based on the
temperature judging unit judging that the environment
in which the element is used is not within the usable
temperature range of the element, stop an issuance ofthe
output signal from the wireless control circuit to the
antenna; and

a wireless power supply controller that is configured to,
based on a command signal from the transmission con-
troller and based on the temperature judging unit judg-
ing that the environment in which the element is used is
not within the usable temperature range of the element,
suppress a supply of the power to the wireless control
circuit,

wherein the usable temperature range is based on an opera-
tion-securable temperature range in which the element is
securely operable and the wireless control circuit can
stably output the output signal.

2. The communication device according to claim 1,

wherein
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the temperature judging unit judges whether or not the
element is in the environment within the usable tempera-
ture range based on whether or not the temperature
detected by the temperature detector falls within a con-
trol limit value including a lower limit value and an
upper limit value.

3. The communication device according to claim 1,

wherein

the temperature detector comprises a plurality of tempera-
ture sensors.

4. The communication device according to claim 1, further

comprising:

a communication controller that is connected to the wire-
less control circuit via a transmission line and controls
communication of the identification information with
the wireless control circuit, wherein

the communication controller decreases a voltage level of
the transmission line based on the temperature judging
unitjudging that the environment in which the element is
used is not within the usable temperature range of the
element.

5. The communication device according to claim 1, further

comprising:

a communication controller that is connected to the wire-
less control circuit via a transmission line and controls
communication of the identification information with
the wireless control circuit; and

a relay that is configured to, based on the temperature
judging unit judging that the environment in which the
element is used is not within the usable temperature
range of the element, electrically interrupt the transmis-
sion line.

6. A communication device that executes at least one of
reading identification information stored in an identification
component and writing the identification information to the
identification component, the communication device com-
prising:

a wireless control circuit that is configured to output an

output signal;

a wireless power supply that is configured to supply power
to the wireless control circuit;

a temperature detector that comprises a plurality of tem-
perature sensors for detecting a temperature of an envi-
ronment in which an element forming the wireless con-
trol circuit is used;
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a temperature judging unit that is configured to judge
whether or not the element is in an environment within a
usable temperature range based on whether or not the
temperature detected by the temperature detector falls
within a control limit value including a lower limit value
and an upper limit value;

an antenna that is configured to transmit radio waves based
on the output signal received from the wireless control
circuit supplied with the power;

a transmission controller that is configured to, based on the
temperature judging unit judging that the environment
in which the element is used is not within the usable
temperature range of the element, stop an issuance ofthe
output signal from the wireless control circuit to the
antenna; and

a wireless power supply controller that is configured to,
based on a command signal from the transmission con-
troller and based on the temperature judging unit judg-
ing that the environment in which the element is used is
not within the usable temperature range of the element,
suppress a supply of the power to the wireless control
circuit, wherein

the usable temperature range is based on an operation-
securable temperature range in which the element is
securely operable and the wireless control circuit can
stably output the output signal, and

the identification component is attached to a component
installed in a working vehicle.

7. A working vehicle comprising the communication

device according to claim 1.

8. The working vehicle according to claim 7, wherein

the communication device is provided in a machine room
of the working vehicle.

9. A working vehicle comprising the communication

device according to claim 6.

10. The working vehicle according to claim 9, wherein

the communication device is provided in a machine room
of the working vehicle.

11. The working vehicle according to claim 10, wherein

the machine room is an engine room that houses an engine
or a pump room that houses a hydraulic pump, the
machine room being provided on an upper revolving
body of the working vehicle, and

the communication device is provided in the engine room
or the pump room.

#* #* #* #* #*



